Animals
Male JCL-ICR mice, 4 weeks old, were purchased from Japan Clea Co., Ltd., Osaka. Nutritional chow (Oriental Yeast Co., Ltd., Osaka) and water were supplied ad libitum.
Irradiation and Statistics
At 6 weeks of age mice were whole-body irradiated with 720 R using a therapeutic X-ray generator (200 kV, 20 mA, 0.3 mm Cu+0.5 mm Al filter, 50 R/min). Within 5 min after exposure the mice were intraperitonelly injected with the ginseng extract dissolved in 0.2 ml of physiological saline.
Mice injected with only physiological saline were served as the control. The control was set up at every exposure. The 30-day survival ratios were statistically examined by Chi-square test applying Yates' correction .
Chemicals
Chemicals were all reagent grade. CM-cellulose was the product of Serva, and Sephadex gel was that of Pharmacia, Uppsala, Sweden. 
RESULTS

Examination of Methanol-Soluble Fraction of the Ginseng Extract
Saponin, soluble in methanol, has been thought to be the active component of a ginseng extract on bone marrow cells41. Accordingly, it seemed that methanol-soluble fraction of the extract was protective against radiation-induced bone marrow death. The ginseng extract (1.2 g) was extracted with 120 ml of methanol by stirring at room temperature (about 21'C) for 23 hr and filtered. The residue was extracted again with 40 ml of methanol for 10 min. The two extracts were combined and evaporated under reduced pressure.
The residue (265 mg) was dissolved in water and lyophilized. Thin layer chromatography as mentioned by Shibata et al.') revealed the presence of several saponins (Fig. 1 ). This methanol-soluble fraction (5.0 mg per animal) was examined in the irradiated mice, but it was useless (Table 1) . Inactivation of the Ginseng Extract by Acid or Alkali Stability of the radioprotective substance against acid or alkali at 60°C was examined.
To 5.0 ml of the ginseng extract solution (50 mg/ml physiological saline) 0.7 ml of 1 N HCI (or NaOH) was added, and the mixture was incubated at 60°C for 15 min. Precipitate appeared in the sample treated with the acid. The sample was cooled, diluted with 3.6 ml of water and neutralized with about 0.7 ml of 1 N NaOH (or HCI). To the irradiated mice 0.2 ml of the sample was injected. Table 2 shows that the acid or alkali inactivated radioprotective substance : acid inactivated more completely than alkali.
CM-Cellulose Column Chromatography of the Extract
The ginseng extract showed UV absorption maximum at 278 nm (at pH 7) and was positive to a biuret tests'. The extract was subjected to CM-cellulose column chromato graphy.
Detection of the components was made by measuring UV absorption at 280 nm. The extract (3.0 g) dissolved in 0.02 M KH2PO4 was applied to a column (2.5 X 25 cm) previously equilibrated with 0.02 M KH2PO4. The column was washed with 960 ml of the preceding solvent and eluted with a linear gradient of 11 each of 0.05 M KH2PO4 and 0.05 M phosphate buffer, pH 7.4. Fractions of 20 ml were collected at a flow rate of about 170 ml/hr at 4°C. The ginseng extract was separated into two fractions, namely CM-A (No. 6-10) and CM-B (No. 77-92), as shown in Fig. 2 . The two fractions were desalted by dialysis followed by lyophilization.
The yield from 1.5 g of saline soluble fraction of the ginseng extract was 494 and 654 mg for CM-A and CM-B, respectively.
The radioprotective effect was examined on the two fractions with the doses proportional to their yields and with the sum 5.8 mg per animal. It is shown in Table 3 that CM-A was significantly efficacious at 5% level, and CM-B at 0.1%, level. CM-B gave negative Lieberman-Burchard reaction, therefore, it did not contain saponin. We prefered CM-B fraction rather than CM-A for further purification because CM-B was not contaminated with saponin and bore much radioprotective activity. CM-B gave a positive biuret tests' and had UV absorption spectrum like a protein (Fig. 3) . Nucleic acid content of CM-B was assumed less than 0.5% from this spectrum'.
Thermo-Stability of the Extract and CM-B
The ginseng extract solution (44 mg/ml physiological saline) was neutralized with 0.5 N NaOH, heated in a boiling-water bath for 15 min and then cooled. The resulting Table   2 .
Inactivation of the ginseng extract by acid or alkali
The ginseng extract was incubated for 15 min at 60° in the presence of 0. 12 N HC1 or NaOH, and was neutralized after cooling. Mice were injected with 5 mg of the treated or untreated (native) extract per animal. Whole suspension was given in case of acid treatment. precipitate was eliminated after contrifugation. The supernatant with 0.2 ml containing 2.0 mg of the component was examined in the irradiated mice. Table 4 shows that the radioprotective activity remained stable. The thermo-stability was also examined on CM-B fraction of the extract.
The neutralized CM-B (29 mg/ml) was treated as mentioned above. The supernatant was examined in the irradiated mice. Dose admini stered was 0.8 mg per animal. The 30 day survival ratio was 37.5% (15/40) and 80% (24/30) for the control and ginseng group, respectively. Difference within the two suvival ratios was signi ficant at 0.1% level. previously equilibrated with 0.05 M phospahte buffer, pH 7.2. The column was eluted with the preceding solvent, and the fractions of 6.0 ml were collected. The thermo-stable fraction of CM-B was separated into three fractions by the gel-chromatography, namely G-I, G-II and G-III (Fig. 4 ). G-I and G-II were desalted by gel-filtration on Sephadex G-25. G--III could not be completely desalted by the same method. After lyophilization G-I and G-II were weighed to be 14 and 15 mg, respectively.
Weight of G-III was calculated as 27 mg. Radiation protection by these fractions was examined with dose of 0.44, and 0.47 and 0.84 mg per mouse for G-I, G II and G-III, respectively. Table 5 shows that G-I and G-III were efficacious, but G-II Table 4 .
Thermo-stability of the ginseng extract
The ginseng extract (44 mg/ml, pH 7.0) was heated in a boiling water bath for 15 min, and the supernatant (0.2 ml per mouse) was injected in the irradiated mice. was not. Table 6 shows relative yields of the components after various treatments. not saponin. Biologically active substances in ginseng other than saponin have been recognized in recent years', 9'. The radioprotective activity of the extract was thermo-stable at a neutral pH, but feeble to acid or alkali (0.12 N) at 60°C. Gel-chromatography on Sephadex G-75 indicated the presence of two or more active substances.
UV absorption spectrum and a biuret test suggested the presence of protein and absence of nucleic acid or its derivatives in the active fraction.
We have been working on the purification of the radioprotective substance, and the result will be published elsewhere.
